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Modelagem matemática 





 descrição fundamental dos processos físico-químicos 
envolvidos
 mais complexos 
 caixa preta
 mais simples (ou não!)
 aplicação prática 
ponderar vantagens e desvantagens











efeito do processo no produto































































































































































previsão / simulação      rapidez
desenvolvimento de processos 
eficazes de inactivação





reflecte a presença de agregados de microrganismos 
ou sub populações mais resistentes à temperatura
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1ª ordem  ktexpNN 0  D
tNloglogN 0 
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D – tempo de redução decimal
F1 – fracção de microrganismos inactivados
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sensibilidade ao calor 
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Data of L.monocytogenes Scott A  at 52,56,60,64,68ºC
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Davey / Arrhenius modificado
“Square-root type models”
Ratkowsky et al. (1982)
McMeekin et al. (1987)
Adams et al. (1991)


















































Data of L.monocytogenes Scott A

















Arrhenius k = f(T)
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Gil (2002) Statistica 6.0
Modelos matemáticos
maior complexidade !!




















































































































































• interacções entre microrganismos
• diversidade natural das estirpes
• estrutura complexa dos alimentos
• alimento/microrganismo
• modelagem da fase ‘atraso’
• modelagem da fase ‘cauda’
• previsões reais com condições ambientais variáveis
Microbiologia Predictiva
BUGDEATH
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Objectivos 
• estudos de inactivação à superfície de alimentos sólidos
• desenvolvimento de modelos de inactivação precisos e exactos
• desenvolvimento de equipamento para pasteurização à superfície
‘rig apparatus’















processo térmico • vapor
• ar seco
Heating up a nd cooling down of samples a t 55C
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Chipping Campden, Agosto 2004
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Development of a user-friendly 







‘Bugdeath’ - funded by the European Commission under the EC Framework 5; 
Quality of Life and Management of Living Resources Programme
Objectives
• Create a software application
User-friendly tool
Simulation of inactivation kinetics of 
microorganisms on the surface of 
foods during pasteurisation treatments
‘Bugdeath’ - funded by the European Commission under the EC Framework 5; 
Quality of Life and Management of Living Resources Programme
Introduction
• Need to obtain reliable data on relationship 
between microbial death and the surface 
temperature of real foods
Lead to the design, 
construction and 
commission of equipment 
Software application to 
simulate results obtained in the 
rig apparatus
‘Bugdeath’ - funded by the European Commission under the EC Framework 5; 
Quality of Life and Management of Living Resources Programme
Modelling
Microbial inactivation under 








‘Bugdeath’ - funded by the European Commission under the EC Framework 5; 
Quality of Life and Management of Living Resources Programme
Modelling
Two modelling approaches
• Accurate modelling of heat transfer
- Description of the phenomena induced to the food surface  
by a thermal process
• Modelling microbial inactivation behaviour under      
such temperature conditions
two modelling approaches
‘Bugdeath’ - funded by the European Commission under the EC Framework 5; 
Quality of Life and Management of Living Resources Programme
Heat transfer model
Two modelling approaches
• One dimensional heat transfer model
• Combination of different phenomena
– Conduction
– Convection
– Evaporation/condensation of water or steam
– Radiation (not considered)
estimati n of surface temper ture
‘Bugdeath’ - funded by the European Commission under the EC Framework 5; 
Quality of Life and Management of Living Resources Programme
Heat transfer model
• Simplified model
Conduction/convection - Fourier 
Geometry – plane sheet
No mass transfer phenomena considered
• Limits 
Air velocity ranged from 15 m/s to 25 m/s
Extrapolation locked outside of conditions that can be 
verified in the test rig
‘Bugdeath’ - funded by the European Commission under the EC Framework 5; 










































t – time 
T – temperature
h – heat transfer coefficient
α – thermal diffusivity





‘Bugdeath’ - funded by the European Commission under the EC Framework 5; 
Quality of Life and Management of Living Resources Programme
Boundary conditions - bottom
Exchanges between the bottom of the product and the 
support can be neglected – product thickness < 0.5 cm
Experimentally observed in the rig
‘Bugdeath’ - funded by the European Commission under the EC Framework 5; 










































t – time 
T – temperature
h – heat transfer coefficient
α – thermal diffusivity





‘Bugdeath’ - funded by the European Commission under the EC Framework 5; 
Quality of Life and Management of Living Resources Programme



















km – mass transfer coefficient
ΔH – latent heat of water evaporation
‘Bugdeath’ - funded by the European Commission under the EC Framework 5; 
Quality of Life and Management of Living Resources Programme
Effective coefficient – wet conditions (steam)
heff
Tsur = Tsteam – 3ºC
Due to complexity of mathematical 
expressions to be incorporated in 
the software
Experimentally observed in the rig
‘Bugdeath’ - funded by the European Commission under the EC Framework 5; 
Quality of Life and Management of Living Resources Programme
Microbial inactivation model
• To predict microbial content at the surface of     
foods
• It has the advantage of dealing with time-
varying temperature conditions
• Typical of pasteurisation treatments
‘Bugdeath’ - funded by the European Commission under the EC Framework 5; 





















N – microbial cell density
Q – variable related to the physiological state of the cells
kmax – inactivation rate constant
‘Bugdeath’ - funded by the European Commission under the EC Framework 5; 
Quality of Life and Management of Living Resources Programme
Microbial inactivation model















T = Tsur Calculated on the basis of all considerations
of heat transport
‘Bugdeath’ - funded by the European Commission under the EC Framework 5; 
Quality of Life and Management of Living Resources Programme
Software Program
‘Bugdeath’ - funded by the European Commission under the EC Framework 5; 
Quality of Life and Management of Living Resources Programme
Software Program
• The programme was developed using Real Basic® 
5.2 application
• Food/microorganism selection is allowed 
(database of thermal properties and kinetic parameters)
• On the basis of the selection of a heating regime of 
the medium, the programme allows prediction of 
the food surface temperature and simulates the 
microbial load content along the whole process 
time
‘Bugdeath’ - funded by the European Commission under the EC Framework 5; 
Quality of Life and Management of Living Resources Programme
First screen – product/microorganism
‘Bugdeath’ - funded by the European Commission under the EC Framework 5; 
Quality of Life and Management of Living Resources Programme
Second screen – process
‘Bugdeath’ - funded by the European Commission under the EC Framework 5; 
Quality of Life and Management of Living Resources Programme
Output – graphic/temperature
‘Bugdeath’ - funded by the European Commission under the EC Framework 5; 
Quality of Life and Management of Living Resources Programme
Output – graphic/microbial load
‘Bugdeath’ - funded by the European Commission under the EC Framework 5; 
Quality of Life and Management of Living Resources Programme
Output – data table
‘Bugdeath’ - funded by the European Commission under the EC Framework 5; 
Quality of Life and Management of Living Resources Programme
Conclusions / outputs
• Software application simulates the results obtained 
in the rig apparatus
• Valuable for developing appropriate and safety 
thermal processes
• Marketed and commercially available
• Educational purposes (simulation of real food processes)
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